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摘      要 
 















质子化吡咯和呋喃过程的能垒分别为 7.8 和 9.4kcal/mol。 
(3) 在气相条件下研究了胞嘧啶的质子化，胞嘧啶 容易质子化的位置是环
上的 N 和环外的 O 原子。在气象条件下两者的质子亲和能值（PA）仅相差了
0.6kcal/mol。为了近似地考察生理环境对碱基性质的影响，我们基于动力学模拟
建立了胞嘧啶水化条件下的结构模型——胞嘧啶与七个水分子以氢键结合的水
合物。水的存在使得 N 质子化产物和 O 质子化产物的 PA 值相差增加到 6.8 
kcal/mol。此外，我们还研究了不同取代基对胞嘧啶 PA 值的影响和相关的质子
转移过程。结果表明，给电子基团使正电荷分散，增大了胞嘧啶的 PA 值。多个















































    Cation-π interactions and protonation of aromatic compounds are of 
significant importance in biochemistry and super-molecular chemistry. Using 
density functional theory and ab initio methods, we have studied the 
interactions between benzene and cation, protonation of pyrrole and furan by 
H3O+ and NH4+ in the gas phase, and protonation of cytosine in solution. The 
present research includes following three aspects: 
(1) Density functional theory and MP2 calculations have been used to 
explore structures, stabilities, and bonding features of cation−π complexes 
Mq+−C6H6 (M = H+、 Li+、Na+、K+、B+、Al+、Ga+、Mg+、Ca+、Mg2+、
Ca2+). Calculations show that H+−C6H6 has only one stable σ complex, while 
other cation−C6H6 systems prefer the π complex to the σ complex. On the 
basis of the natural bond orbital analysis and the frontier molecular orbital 
interaction, the nature of cation−π interaction in such complexes has been 
discussed.  
(2) Density functional theory and ab initio calculations have been used to 
determine structures and stabilities of the protonated aromatics species AH+ 
and AH22+ (A = pyrrole, furan). Possible mechanisms and relative energetics 
for protonation of pyrrole and furan by H3O+ and NH4+ in the gas phase have 
been explored. Calculations show that the Cα−protonated species was the most 
stable structure for AH+, and the protonated AH+ might accommodate the 















H3O+ could protonate pyrrole and furan with significant exothermicity and 
almost without barrier. The proton transfer from NH4+ to pyrrole and furan has 
a barrier ranging from 7.8 to 9.4 kcal/mol in the gas phase. 
(3) Cytosine can be protonated easily at N and O atoms. In the gas phase, 
the proton affinity (PA) difference at both sites is only 0.6 kcal/mol. In 
consideration of the effect of environment on the properties of cytosine, we 
constructed a condensed model of cytosine by MD simulation. Calculations 
reveal that there are seven waters are around cytosine through H-bond 
interactions. The presence of water increases the PA difference to 6.8 kcal/mol. 
Furthermore, we investigated the effect of substituted group on PA of cytosine 
and the intramolecular proton shift.  
 
Key words: Aromatic conjugated compounds; Protonation; Cation-π 



















































         ⅰ                    ⅱ                   ⅲ 
 
    大部分的理论计算和实验都表明ⅱ是其中 稳定的结构，它的 PA 值
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